Abstract The red palm mite, Raoiella indica Hirst (Acari: Tenuipalpidae), was recently introduced in the Americas. It spread quickly throughout coconut palm growing areas, expanding considerably its host range. The invasion of this species has caused high economic impact in several countries. In Brazil, extensive areas are expected to be affected. For logistical reasons and other concerns, chemical control does not seem desirable for the control of this pest in most Latin American countries. Biological control of R. indica by introducing exotic natural enemies seems to be an important control measure to be considered. Surveys in many countries have shown that Amblyseius largoensis (Muma) (Acari: Phytoseiidae) is a very common predator on coconut palms. This study compared the biology of a population of A. largoensis found for a long time in association with R. indica in La Reunion Island (Indian Ocean) with a population from Roraima State (northern Brazil), where R. indica was first found about two and a half years ago. No significant differences were observed between populations in relation to the duration of different immature stages or total survivorship. However, the oviposition period, prey consumption and net reproductive rate were significantly higher for the La Reunion population,
Introduction
The genus Raoiella Hirst (Acari: Tenuipalpidae) consists of twelve valid described species known until recently from the Palaearctic, Afrotropical, Oriental and Australian regions (Mesa et al. 2009 ), in addition to nine possible new species recently discovered in Australia (Dowling et al. 2012) . The red palm mite, Raoiella indica Hirst, was first found in the New World about 7 years ago (Flechtmann and Etienne 2004) , but it is now found in different countries of this region, including northern South America (Navia et al. 2011) . After an extensive study conducted by Dowling et al. (2012) , it was suggested that the center of origin of this genus is either Africa or the Middle East. However, Dowling et al. (2008) concluded that the Caribbean population of R. indica likely came from Réunion Island. Date and coconut palms are the most common hosts of this mite species in most places where it is found in the Old World as well as Areca catechu (Linn). However, for unknown reasons, it expanded tremendously its host range when it reached the New World, which includes mainly Arecaceae but also other monocotyledons (Navia et al. 2011; Carrillo et al. 2012a ). Data concerning the economic impact related to the incidence of this mite on difference hosts have not been published, but it has been considered to be very high in some Latin American countries.
This mite was found in Brazil in July 2009 (Navia et al. 2011) in Roraima State, near the Venezuelan border. The coconut palm is not commercially important in this state, but it is extensively cultivated along the Brazilian coast and in irrigated areas of the Brazilian northeast (Cuenca et al. 2002) . Brazil is the fourth largest world coconut producer (FAOSTAT 2011) , with 70 % of the cultivation area being dedicated to giant varieties for copra production (Aragão 2002) . However, in most of this country coconut plantations are not well managed (Holanda et al. 2009 ) and basically nothing is done by coconut growers in terms of pest control (Ferreira 2009 ). For this reason, yield is low in most of the country, corresponding to approximately 34 fruits/plant/year (Wanderley and Lopes 2009) , and it could be reduced further when affected by the red palm mite. In addition to coconut, several native Arecacea species that are potential hosts for the mite are exploited by lowincome populations in northern and northeastern Brazil (Lorenzi et al. 2010) . These may also be severely affected by this pest.
Most of the common coconut palms cultivated in different parts of the world are very often over 10 m tall, making it very difficult for growers to eventually control R. indica with chemicals. This major difficulty, the fact that most coconut growers are not experienced in using chemicals for the control of pest organisms and the growing concern about the environmental impact of those products have led to the consideration of alternative methods to control R. indica. In this regard, the search for effective natural enemies in areas where the pest is known to be present but where it is suspected to be less harmful has been conducted. In an exploration conducted on La Reunion Island, in the Indian Ocean, Moraes et al. (2012) determined that the phytoseiid Amblyseius largoensis (Muma) was the predominant predator associated with the pest. As explained in that paper, a survey was conducted in La Réunion given that the pest was known to occur in that island at a level that did not cause major damage to the coconut plants. This same species has also been found in many other countries in association with the red palm mite (Carrillo et al. 2012c) , including Roraima State (our unpublished data). A. largoensis is also predominant on palms and other plant species in the New World (Moore and Howard 1996; Gondim and Moraes 2001; Moraes et al. 2004; Lawson-Balagbo et al. 2008) . A colony of this species was collected in La Reunion in early 2011 and introduced to Brazil. The objective of this work was to compare the development, reproduction and predation of the La Reunion and Roraima populations under laboratory conditions, to decide whether it would be worthwhile to consider the eventual field release of the introduced strain.
Materials and methods
This work was conducted in the entomology laboratory of Embrapa Roraima, in Boa Vista, State of Roraima, Brazil, at 27°C, 60 ± 10 % RH and 12:12 h light:dark photophase.
Collection and rearing of predators
One of the populations of A. largoensis used in the study corresponded to a colony initiated with approximately 100 mites collected from coconut palms from different areas of La Reunion Island in February 2011, with permission of the French authorities , and introduced to Brazil with permission of the Brazilian Ministério da Agricultura e Reforma Agrária (Import Permit 296/2010). The colony was established on a banana leaf disc (14 cm in diameter) placed abaxial side up on a 1-cm thick polyethylene foam disc of the same diameter. Each disc was placed in a Petri dish (16 cm in diameter) and its margin was covered with hydrophilic cotton that was continuously soaked by daily addition of distilled water to the dish, to maintain the turgidity of the disc and to prevent the mites from escaping. The colony was fed with a mixture of all stages of R. indica locally obtained from coconut palms.
The other population of A. largoensis corresponded to a colony initiated with mites collected in April of 2011 from coconut palms grown at Embrapa Roraima (57°034 0 N; 60°42 0 19.7 00 W). The colony was maintained as described above for the introduced strain. Care was taken to avoid mutual infestations of the colonies.
Experimental procedure
Each experimental unit consisted of a square of banana leaf (3 9 3 cm) placed, abaxial side up, on a filter paper disc (14 cm in diameter) placed onto a 1-cm thick polyethylene foam disc of same diameter in a Petri dish (16 cm in diameter). The edges of each unit were covered with a layer of hydrophilic cotton to prevent dehydration. A thin line of nonsoluble entomological glue was placed on top of the cotton layer to prevent mites from escaping. Each Petri dish contained nine units and two dishes were used in each of the five replicates of the experiment.
After setting up the units, 30 red palm mite nymphs (protonymphs and deutonymphs) obtained from naturally infested coconut palms were transferred to each experimental unit with a brush. Subsequently, a female of the introduced A. largoensis population was transferred to each of the units of half of the Petri dishes, while a female of Roraima population was transferred to each of the remaining units. After 12 h, the predator females and the eggs were removed, except for a single egg per unit. The predators originating from these eggs were reared to adulthood, examining each of them every 12 h to determine the duration and survivorship of each developmental stage as well as the number of prey consumed.
Immediately after a female predator reached adulthood, a male was taken from the respective colony and put together with the female. Dead males were replaced by new males from the same respective colonies. Oviposition, female longevity and prey consumption for each unit (female ? male) were monitored once a day. Eggs laid in the first 10 days of the oviposition period were isolated to determine the sex ratio.
All developmental stages were fed continuously with nymphs (protonymphs and deutonymphs) of the red palm mites. Prey consumed in each unit was replaced once a day to a total of 30 nymphs per unit. Care was taken to prevent mortality of the mites while handling; thus, when transferring to a unit, each nymph was gently touched with the tip of a fine brush and then gently collected with the brush as soon as it started to move.
Data analysis
Average durations of immature stages, survivorship, longevity of adult female, oviposition rates and prey consumption of both populations were compared by t tests using the method of pooled data (p = 0.05), using SAS (2001). Fertility life table parameters (T mean generation time, r m intrinsic rate of population increase, R 0 net reproductive rate, k finite rate of population increase and DT average time in days for doubling of the population in number) and associated confidence intervals were calculated using the Jackknife method, which allows pair wise comparisons using Student's t tests (Maia et al. 2000) .
Results
No significant differences were observed between populations in terms of the duration of each immature stage of the predator. However, the duration of the total immature period (egg to adult) of the Roraima population was slightly, but significantly, shorter (t 8 = -3.56; p = 0.0074) than that of the La Reunion population (Table 1) . No statistically significant differences in terms of survivorship of each immature stage or of the total immature period, or in terms of prey consumption by the larvae were observed. However, protonymphs, deutonymphs and the total immature period of specimens from La Reunion had significantly higher prey consumption (t 8 = -4.68; p = 0.0016).
The La Reunion population had better performance in relation to various other biological parameters (Table 2) , as evidenced by its significantly shorter periods of preoviposition (t 8 = 7.71; p \ 0.0001) and post-oviposition (t 8 = 3.17; p = 0.013), longer periods of oviposition (t 8 = -2.89; p = 0.020) and higher daily oviposition (t 8 = -3.22; p = 0.012), fecundity (t 8 = -3.26; p = 0.012), daily prey consumption (t 8 = -4.46; p = 0.0021), total prey consumption (t 8 = -4.90; p = 0.0012) and net reproductive rate (non-overlapping 95 % confidence interval). However statistically significant differences were not observed for several other parameters, namely female longevity, sex ratio, mean generation time, intrinsic rate of population increase, finite rate of population increase and doubling time of the population.
The slightly higher average daily oviposition rate determined for the La Reunion population (Table 2) was attained by the maintenance of higher daily rates of egg laying during most of the oviposition period (Fig. 1) . The maximum levels of daily oviposition of Table 1 Average duration of immature stages in days (±SE), survivorship (% ±SE) and daily consumption of Raoiella indica both populations occurred between the 10th and 12th days after the onset of oviposition. Thereafter, asymptotic declines of oviposition levels were observed. Similarly to what was determined for oviposition, the higher average daily rate of prey consumption of the La Reunion population (Table 2) was attained by the maintenance of higher rates of daily prey consumption thorough the adult stage (Fig. 2) . In this population, the highest levels of consumption occurred between the 10th and 15th days, with a slight reduction thereafter. Prey consumption rate of the Roraima population reached maximum levels between the 20th and 25th days, reducing also thereafter.
Discussion
The developmental periods of both populations were comparable (Table 1) to those determined by Galvão et al. (2007) for a population of the same predator collected near Recife, PE, Brazil, and offered other food sources (Tetranychus urticae Koch or pollen of Ricinus communis L. plus honey). However, both populations considered in this study had shorter developmental periods than determined by Carrillo et al. (2010) Maia et al. (2000) . T mean generation time, r m intrinsic rate of population increase, R 0 net reproductive rate, k finite rate of population increase, DT average time in days for doubling of the population in number population maintained at similar temperature and humidity conditions as used in this experiment, but fed all developmental stages. Total survivorship of both populations of this study was approximately the same as the populations studied by Galvão et al. (2007) and Carrillo et al. (2010) . Particularly interesting was the long oviposition period of the La Reunion population. It not only was determined to be longer than the Roraima population, but it was almost twice as long as the Florida population studied by Carrillo et al. (2010) . As the average daily oviposition rates for the La Reunion and the Florida population were about the same, the total number of eggs laid was considerably higher for the former. Consequently, intrinsic rate of population increase and net reproductive rate were also higher. Moutia (1958) reported Amblyseius caudatus Berlese as predator of red palm mite in coconut palm trees on the Mauritius Island, observing that adults of that predator could consume on average upto 10.6 eggs/day and a total of 490 eggs throughout their lifespan. In this work, immature and adult females of the La Reunion population consumed totals of about 14 and 260 red palm mite nymphs, respectively. Eggs of R. indica (90-100 lm in length) are much smaller than protonymphs (180-200 lm) and deutonymphs (240-250 lm) (Nageshachandra and Channabasavanna 1984; Kane et al. 2012) . Therefore, when comparing the dimensions of these stages, the performance of A. largoensis can be considered close to or even higher than that obtained by Moutia (1958) for A. caudatus. It is possible that the species reported by Moutia (1958) as A. caudatus is the same as A. largoensis; Mauritius is an island relatively close to La Reunion, where A. largoensis was determined to be the dominant phytoseiid on coconuts in association with the palm red mite. A. caudatus was described from Indonesia, where A. largoensis has also been reported. However, the description of A. caudatus was not adequately done for what is known today to characterize a phytoseiid species. From information available in the literature, both nominal species are morphologically very similar, suggesting that they could represent the same species (Carrillo et al. 2012c) . Several detailed studies on the relation between the red palm mite and A. largoensis has been recently published (Carrillo et al. 2010; 2012a, b, c Carrillo and Peña 2012) . In one of those studies (Carrillo and Peña 2012) the authors observed a preference of A. largoensis to feed on eggs than on other stages of the red palm mite. In another study, Carrillo et al. (2012b) observed that previous exposure of A. largoensis to the red palm mite turned those predators more likely to consume the latter, stating that plasticity of response of A. largoensis to the red palm mite could be associated with selection, learning or a combination of these two processes. These interpretations could explain the better performance of the La Reunion population, which has been exposed to the red palm mite as a prey for much longer than the Roraima population.
for a Florida
If that were the case, probably within some time a new comparison of the Roraima and the La Reunion populations could result in no significant differences between them. The red palm mite was first found in July 2009 in the region where we collected (in April of 2011) the specimens used to start the predator colony used in this study. However, the La Reunion population might still have biological characteristics not found in the Roraima population, and thus not prone to be selected for in that population. These characteristics could still conceivably make the La Reunion population more effective than the Roraima population after the exposure of the latter to the red palm mite for many years. Amblyseius largoensis is one of the most frequent and abundant predators on coconut leaves (Moore and Howard 1996; Gondim and Moraes 2001; Moraes et al. 2004; LawsonBalagbo et al. 2008; Carrillo et al. 2012c ). This species is known from several tropical countries around the world on a great diversity of plant species (Moraes et al. 2004) . Similarly to other species of the genus (McMurtry and Croft 1997), A. largoensis is a generalist predator that feeds on a diversity of mites, small insects and other food types, including pollen (Kamburov 1971; Yue and Tsai 1996; Rodriguez and Ramos 2004; Galvão et al. 2007; . Sucking insects and other phytophagous mites are often found on coconut leaflets (Howard et al. 2001; Navia et al. 2007 ); several of these, could also serve as prey for this predator, mainly mites of the families Eriophyidae, Tenuipalpidae and Tetranychidae. Results of the present study showed that the performance of this predator on the red palm mites was comparable to that determined by Galvão et al. (2007) with other food sources. Thus, the red palm mite could be considered an appropriate diet for the development and reproduction of A. largoensis. Carrillo et al. (2012b) demonstrated that this predator can consume high numbers of eggs of the red palm mite regardless of its previous feeding experience, while Carrillo et al. (2012c) reported that in Trinidad Tobago and Puerto Rico, the population level of A. largoensis on coconut increased after the arrival of the red palm mite.
From a biological standpoint, the La Reunion population could be considered less efficient than the population of Roraima, given that individuals of La Reunion population needed to consume more prey to have a biological performance similar to the population of Roraima in terms of development and reproduction. This result suggests a higher energy demand of the La Reunion population for its maintenance. In principle, this result may indicate lower adaptation of this population to consume the red palm mite. However, this conclusion does not seem logical, because the La Reunion population has most certainly lived in association with the prey for much longer than the Roraima population. On the other hand, from a practical standpoint, the La Reunion population seems to be more efficient in controlling the red palm mite, because a larger number of mites are preyed. These results seem sufficient to justify complementary studies under controlled conditions and in semi-field tests, to evaluate the performance of the La Reunion population under the climatic conditions of Roraima. On the other hand, interpretation of the field results can be complicated by the fact that A. largoensis is already present in Roraima and that distinguishing members of the two populations in the field may be difficult. However, although morphologically very similar, members of these populations could have minor morphological differences to allow their separation, as recently shown for phytoseiid populations from coconut in Africa and South America (Sourassou et al. 2011 (Sourassou et al. , 2012 . Before field releases are further considered, it would seem advisable to determine the reproductive compatibility of mites of those populations, as well as to investigate the possibility to separate them with molecular tools, as demonstrated for several phytoseiid species or populations, as reported by Bowman and Hoy (2012) ; Sourassou et al. (2012) . Bowman & Hoy (2012) worked on two populations of A. largoensis, from Mauritius and Florida (USA), separating them with the use of molecular tools. In any case, a complication in determining the fate of the eventual release in Roraima might rise, in case the two populations interbreed under natural conditions. Therefore, morphometric, interbreeding and molecular comparisons between these two populations are warranted, to allow the evaluation of results of possible field releases of the La Reunion population in Roraima.
